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Tabulations of pa r t i c l e  p a r a m e t e r s  for  e l ec -  
t r o n - g a m m a  d i rec t iona l  co r r e l a t i ons  ex i s t  until  
now only for  K e l ec t rons  in the s o - c a l l e d  point 
nucleus approximat ion.  For  L e l ec t rons  no tabu- 
lat ions exist .  In many cases ,  however ,  when the 
t rans i t ion  energy  is too low to p e r m i t  convers ion  
in the K she l l  the need is  obvious for  L she l l  
pa r t i c l e  p a r a m e t e r s .  Also,  the study of pene t ra -  
tion effects  is  ve ry  often compl ica ted  by mul t i -  
pole admix tures ,  which br ings  out a need for  
m o r e  obse rvab le s  than K e lec t rons .  

Recent ly ,  however ,  we have - in co l labora t ion  
with Sliv, Band and L i s t enga r t en  - ca lcu la ted  the 
pa r t i c l e  p a r a m e t e r s  for  K, L I and LII e l ec t rons .  
These  p a r a m e t e r s  [1] a r e  based  on m a t r i x  e le -  
ments  [2] c o r r e c t e d  for  s c r e e n i n g  and f ini te nu- 
c l ea r  s ize ,  using the su r f ace  cu r r en t  model  to 
incorpora te  the dynamical  ef fec ts .  With those 
theo re t i ca l  va lues  we have now a new tool, L 
e l ec t ron  c o r r e l a t i ons ,  which wil l  be of value for 
future work in nuc lea r  spec t roscopy .  

As a f i r s t  appl icat ion we have m e a s u r e d  the 
50 keV (L I + LH) - 158 keV 7 c o r r e l a t i o n  in Hg 199. 
The i s o m e r i c  decay of Hg 199 has been inves t iga ted  
by s e v e r a l  authors  [3-6]. 

The L e l ec t rons  of the 50 keV t rans i t ion  were  
analyzed in a magnet ic  lens  s p e c t r o m e t e r ,  which 
is  de sc r ibed  e l s e w h e r e  [7, 8]. The e l ec t rons  were  
se l ec t ed  at a r e so lu t ion  of 0.7%. The au tomat ica l -  
ly movable  g a m m a  de tec to r  cons i s t s  of a 3" × 3" 
NaI(T1) Harshaw in teg ra l  l ine assembly .  The 
coincidence unit is  a Cosmic  Rad. Lab. model  801. 

The L - e l e c t r o n  s p e c t r u m  of the 50 keV t ran-  
s i t ion is  s u p e r i m p o s e d  on a sum of the three  con- 
tinuous E-branches  of the Au 199 decay. Thus 
the re  is  a ~ -  158 ~ contr ibut ion to the 50 L -  158 
coincidence r a t e  which has to be subt rac ted .  This  
background was found to be i so t rop ic .  While the 
LHI l ine was comple te ly  r e s o l v e d  in al l  c a se s ,  
the L I and L H l ines  were  not pe r fec t ly  r e s o l v e d  
f r o m  each other  due to sou rce  extension.  

Th ree  dif ferent  m e a s u r e m e n t s  were  made with 
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dif ferent  L I to LII intensi ty  r a t i o s  in the e l ec t ron  
channel.  The ra t io  was obtained by fi t t ing the 
line shape of a pure  line to the m e a s u r e d  spec -  
t rum using the known L subshel l  r a t ios .  

The r e s u l t  is,  a f ter  co r r ec t i ng  for  finite sol id  
angles  of the de tec tors :  
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Fig. 1. F2(50 L) plotted as a function of 5 for different 
weights aLi I/aLT corresponding to our different runs. 
BBB refers to tee 5 of ref. 2. a, b, c corresponds to 
our different runs and the experimental result of 
F2(50 L) is indicated by horizontal band in each ease. 
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Table 1 

Measure- a LIT/a LI A 2 
merit 

I 1.55 + 0.25% 0.0062 ~ 0.0060 
H 2.25 + 0.25% 0.0043 + 0.0045 

nI 4.3 + 0.4% -0.0089 + 0.0040 

The cor re la t ion  express ion  in this case is  
W(t~) = 1 + G2A2P2(cosO ) + G4A4P4(cos0 ). 

The A 4 term is < 10-4 and can safely be ne- 
glected. Our measurement thus gives A2measured= 
G2. F2(158~ ' )  • F2(50 L) where F2(50 L) contains  
the informat ion  of in te res t .  We thus obtain 
F2(50 L) = A2measured/  G 2" F 2 (158~). As the 
158 keV ~ t r ans i t ion  is  of pure E2 charac te r  [4] 
we use the value of F2(158r  ) = -0.585 f rom F e r -  
entz and Rosenzweig [9]. The factor  G 2 contains 
contr ibut ions  f rom the s ta t ic  quadrupole i n t e r -  
action and f rom the at tenuation due to sca t te r ing  
of the e lec t rons  in the source.  The effect of 
these two contr ibut ions  is,  however, very  smal l  
(< 10%) and has been omit ted s ince it  will  have a 
negl igible  effect on our  r e su l t s .  The theore t ica l  
value F2(50 L) is explici t ly:  

F2(50 L) =(aLi" F2(50 L I) + aLIIF2(50 LH))/(aLI+aLH) , 

where 

l imi ts ,  the 6-so lu t ion  should be found. R is  c lear  
that al l  solut ions a re  consis tent .  The r e s u l t  i s  

- 0 . 0 6 8  < 8 < - 0 . 0 3 8  . 

For  compar i son  t h e  r e su l t  of ref .  4 which is  d e -  
noted BBB, is  shown in fig. 1. 

The 50 keV (p~ ~ f~) M1 t r ans i t ion  in Hg 199 
i s / - f o r b i d d e n  ac~ordil~g to the shel l  model.  The 
most  r ecen t  contr ibut ion to the unders tanding  of 
the non -ze ro  ra te  of these kinds of t r ans i t ion  is  
due to Sorer.sen [11] who has shown how to ca l -  
culate the ra te  of these t r ans i t ions  in t e r m s  of the 
genera l  pa i r ing  plus quadrupole force model. 
Moreover one should be able to predic t  the value 
of 6 f rom this theory. It is  therefore  of grea t  in-  
t e r e s t  to de te rmine  exper imenta l ly  the mixing 
ampli tude for these t rans i t ions .  L co r re l a t ions  
can play here a ve ry  impor tant  role  in the de ter -  
minat ion  of mixing ampli tudes.  

Moreover,  one of the most  accura te  methods 
to de te rmine  5, namely  the m e a s u r e m e n t  of L 
subshel l  ra t ios  has recen t ly  been shown to give 
incons is ten t  r e su l t  [12]. This  shows the need for 
more  observables  in order  to reso lve  this incon-  
s is tency.  

Concerning Hg 199 the LII co r re la t ion  is  very  
sens i t ive  to 6. Due to exper imenta l  difficult ies 
we are ,  however, not able to give r e s u l t s  of this 

b2(M1)L i • F2(1 , 1) + 2PL i • b2(M1 + E2)Li" F2(1, 
F2 (Li) = 

1 + P2Li 

pL i = 5 . ~ / ( a 2 L i / ~ l L i  ) , 5 = (E2) / (M1)  

and aLi are the appropr ia te  weighting factors .  
For  b 2 we use  the recent ly  calculated values  

[1] which for this  case (Z = 80, k = 0.974) a re  
given in table 2. 

Table 2 

L I L H 

b2(M1 ) 0.0046 0.246 
b2(M1 + E2) -0.360 0.634 
b2(E2 ) 1.223 1.360 

Convers ion  coefficients a re  taken f rom Sliv [10]. 
To analyse  our r e s u l t  we have made a p a r a m e t r i c  
r ep resen ta t ion  of F2(50 L) as a function of 5, 
where the pa r ame te r  is  the in tensi ty  ra t io  L H / L  I. 
This  is  seen in fig. 1. The hor izontal  bands c o r r e -  
spond to our different  runs  (I, H and I ~ .  Where 
these a r ea s  over lap the in tens i ty  ra t io  pa r ame te r  

2) + p2L~. b2(Z2)L; F2(2, 2) 

at present ,  but exper iments  a re  going on and 
r e su l t s  will  be publ ished la ter .  It is of course  
obvious that for a genera l  use of L cor re la t ions  
especia l ly  at higher energ ies  one should a im at 
higher reso lu t ion  in the e lec t ron  channel.  Exper -  
iments  a re  going on in o rder  to make use  of high 
reso lu t ion  spec t rome te r s  for this type of me a s -  
u remen t s .  

We like to thank P ro fe s so r  K. Siegbahn for 
the faci l i t ies  put at our  disposal  and for his in-  
t e r e s t  in this work. This work has been spon- 
sored  by State l ~ d  f~r Atomforakulng. One of 
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In order  to s impl i fy  the actual  n u m e r i c a l  cal-  
culat ions,  the applicat ion of the par t i c le -ho le  
model has so far  been most ly  l imi ted  to bound 
configurat ional  s tates .  This  has, for the desc r ip -  
tion of posi t ive energy  nuc lea r  s ta tes ,  obvious 
shor tcomings  assoc ia ted  with the introduct ion of 
a potential  well having a totally wrong behaviour  
outside the nucleus .  Several  methods have al-  
ready been proposed for the extension of the shel l  
model  to the cont inuum [1]. The method proposed 
here  for the t r ea tmen t  of unbound configurat ions 
seems  to be the most  s t ra ight forward  extension 
of the diagonai izat ion method used for d i sc re te  
configurat ions.  It is  f ree  f rom the diff icul t ies  
assoc ia ted  with an t i symmet r i za t ion ,  boundary 
condit ions at the nuc lea r  surface  or n o n - H e r m i -  
t ian secu la r  p rob lems  encountered  by other for-  
mulat ions .  A s i m i l a r  method was applied to 
atomic p rob lems  in the case of a s ingle  channel  
by Fano [2]. In a subsequent  paper  Fano and 
P ra t s  [3] suggested a fo rma l  genera l iza t ion .  We 
wish to show here  the p rac t ica l  feas ib i l i ty  of the 
method by applying it  to the sca t te r ing  of a pa r -  
t ic le  by a square  well  potential .  

As usual ,  we spl i t  the nuc lea r  Hamil tonian 
into an independent  par t ic le  par t  H o and a r e s i -  
dual in te rac t ion  V. The problem of de te rmin ing  
nuc lea r  reac t ion  ampl i tudes  will  be essen t i a l ly  
reduced to the diagonal izat ion of the Hamiltonian,  
us ing  as a bas i s  the Sis ter  de te rminan ts ,  which 
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a re  eigenfunctions of H o. The basic  single pa r -  
t icle wave funct ions in the d i sc re te  spec t rum are  
defined as usual .  In the cont inuum, we choose 
the s t a n d i n g  w a v e  solut ions or thonormal ized  to a 
5-funct ion of the energ ies .  The behaviour of these 
funct ions for large r is: 

~(r)  ~ ~ 1 5) (1) # Ylm({') s in  ( k r  + . 

Such a bas i s  avoids the in t roduct ion of complex 
numbe r s  in the n u m e r i c a l  calculat ion,  as far as 
possible .  

A pa r t i cu l a r ly  s imple  and complete t r ea tmen t  
of nuc lear  reac t ions  can be given when the unper -  
turbed configurat ions taken into account a re  only 
those in which one single nucleon at most  is  in a 
continuum state.  Any wave function of the sys tem 
may then be expanded as: 

¢1 = ~ a o t  Ic~) + ~ fde a~(e) lE,~), (2) 
a 

where Io~)denotes the Slater  de te rminan t s  with 
all  A + 1 nucleons in d i sc re te  s ta tes ,  and 1~, fl) 
the de te rminan t s  with one nucleon of energy  ( in 
the continuum. The Schr0dinger  equation may 
then be wr i t ten  

- + ~ f d , ' ( ~ l v l ~ ' ~ ' ) a ~ , ( ~ ' )  = 0  ,(3a) (HA+I E)acz 8' 


